ABSTRACT Cardiac ultrasound investigation of 68 prospectively studied patients with histologically proven midgut carcinoid tumors showed right heart disease in 66%. The abnormal findings included morphologic and functional aberrations of the tricuspid valve in 52% and 83%, respectively, right atrial and ventricular enlargement in 53% and 30%, and paradoxical systolic septal contractions in 19%. The patients with the most pronounced right heart disease had significantly higher (p<.01) plasma levels of the tachykinins neuropeptide K and substance P as well as higher (p<.001) urinary excretion of the serotonin metabolite 5-hydroxyindoleacetic acid. These patients also had the most extensive tumor disease. The occurrence of echocardiographic abnormalities of the left heart was similar to that in healthy individuals of the same age, but abnormalities were less frequent among the patients with severe right heart disease. Electrocardiographic changes were nonspecific. Right heart disease thus seems to be present more often than previously reported in patients with malignant midgut carcinoid tumors. The severity of cardiac involvement does not seem to be related to the duration of carcinoid disease but more to the extent of the disease, i.e., higher plasma levels of serotonin and tachykinins. Circulation 77, No. 2, 264-269 1988. PATIENTS with carcinoid syndrome often develop a characteristic heart disease previously reported to occur in 19% to 53% of cases. l-6 In a majority of the patients the endocardial fibrous lesions considered to be pathognomonic of carcinoid heart disease2' 7-10 involve the cavities and valves of the right heart. Only a small number of cases with typical changes of the left heart have been reported. l -13 In many patients with carcinoid heart disease, the predominant terminal symptoms and death may be attributed directly to the cardiac disease.1' [14] [15] [16] [17] ever, none of these substances has been found responsible for the characteristic cardiac lesions.
PATIENTS with carcinoid syndrome often develop a characteristic heart disease previously reported to occur in 19% to 53% of cases. l-6 In a majority of the patients the endocardial fibrous lesions considered to be pathognomonic of carcinoid heart disease2' 7-10 involve the cavities and valves of the right heart. Only a small number of cases with typical changes of the left heart have been reported. l -13 In many patients with carcinoid heart disease, the predominant terminal symptoms and death may be attributed directly to the cardiac disease.1' [14] [15] [16] [17] The pathogenesis of carcinoid heart lesions has not yet been elucidated. Investigators have postulated etiologic' agents released from the tumor, such as serotonin, kallikrein, bradykinin, histamine, gastrin, ACTH, and prostaglandins.13 How- ever, none of these substances has been found responsible for the characteristic cardiac lesions.
The present study was designed to investigate prospectively the extent of cardiac disease in patients with carcinoid tumors by means of ultrasound investigation. In an effort to study possible etiologic agents the urinary excretion of 5-hydroxyindoleacetic acid (5-HIAA) and the plasma levels of the tachykinins neuropeptide K (NPK) and substance P (SP) were compared in patients with midgut carcinoid tumors and different degrees of carcinoid heart disease.
Methods
Study population. Cardiac ultrasound studies were performed in 68 consecutive patients (36 women and 32 men) with a midgut type of malignant carcinoid tumor admitted to the Department of Internal Medicine, University Hospital, Uppsala, Sweden, over a 6 year period (1979) (1980) (1981) (1982) (1983) (1984) (1985) . The diagnosis of a carcinoid tumor was histologically proven by the Grimelius and Mason silver-staining techniques18' 19 on tumor tissue obtained at biopsy or operation. The patients median age was 64 years (range 38 to 83) and at the time of the cardiac investigation, carcinoid symptoms had been present for a median period of 4.5 years (range 0.5 to 27). The initial complaints were facial flushing (n = 27), diarrhea (n = 23), ileus (n = 17), abdominal pain (n = 7), and blood in the stool (n = 1). At the time of investigation 58 patients had flush, 59 had diarrhea, and 50 individuals presented with the carcinoid syndrome, i.e., flush, diarrhea, and elevated urinary 5-HIAA excretion.
PATHOPHYSIOLOGY AND NATURAL HISTORY-CARCINOID HEART DISEASE Methods. Standard 12-lead electrocardiograms were recorded in all patients at a paper speed of 50 mm/sec and were classified according to the Minnesota code. In the first eight patients only M mode echocardiography was 
Results
Right heart abnormalities were present in 45 of the 68 patients studied (66%) ( of the patients and 26% had signs of severe right-sided heart disease as judged from the presence of paradoxical systolic septal motion, i.e., systolic concentrations in the direction of the right ventricle. Right ventricular wall thickness was increased in 19%. In 20 patients in whom visual inspection of the pulmonic valve was possible, four (20%) displayed reduced motion amplitude and/or thickened cusps. The lack of simultaneous two-dimensional and Doppler images resulted in a very low number of accurate registrations of pulmonary flow and therefore these were not subjected to further analysis. The ultrasound cardiac investigation of the right heart was considered normal in 34% of the patients.
To classify the patients with respect to the degree of right heart disease three subgroups were formed. Individuals in whom results concerning the right heart (n = 23) were normal constituted group I. The patients with gross disease ofthe tricuspid valve, increased right atrial and ventricular size, and paradoxical septal contractions were considered to have advanced right-sided heart disease. These 18 patients formed group III. The remaining 27 patients, who demonstrated tricuspid valve abnormalities and/or increased size of the right atrium and/or ventricle, formed group II.
Echocardiographic examination of the left heart showed minor abnormalities in 34% of the patients (table 2) . The majority of these abnormalities consisted of slight sclerosis or the thickening of the aortic cusps found in 18 of 67 patients (27%). Six patients displayed a left atrial diameter exceeding 40 mm, the upper normal limit for our laboratory, and eight patients had lower than normal left ventricular systolic function, i.e., fractional shortening below 0.28. The presence of left-sided abnormalities was less common (p<.001) in group III (table 2) . Electrocardiographic examination exposed the presence of 34 abnormalities in 26 patients, including atrial fibrillation (n = 2), ectopic atrial rhythm (n = 1), fre- . 12 to 1050) and was higher than normal in 68% (18/56). Group III displayed significant higher (p<.01) median concentration than did group I or II. There were no significant differences between groups I and II in any of the three biochemical variables.
Patients with left heart abnormalities had higher median urinary 5-HIAA excretion and serum NPK levels than patients with normal left hearts on ultrasound investigation. The values did not differ statistically, however. Plasma SP levels were similar in patients with and without left-sided abnormalities.
Flush was present in 88% of the patients and the median duration of flush at the time of investigation was 3.0 years. No significant differences in the presence or duration of flushing was found in patients with and without cardiac abnormalities of the right heart (table 3) . Liver metastases were found in 91% of the patients and the majority had multiple metastases as demonstrated in table 3. The proportion of patients with metastases in the three groups did not differ statistically, although the patients with advanced right heart disease were all found to have liver metastases.
Discussion
Failure of the right heart is a serious complication to malignant carcinoid tumors. 1 2 12 13, 16 By means of a prospective cardiac ultrasound investigation performed in patients with malignant carcinoid disease, we found lesions of the right heart in 66%. The echocardiographic abnormalities observed, which are exemplified in figure 2, were similar to those previously described,3-6, 27-29and included tricuspid valve aberrations, dilatation of the right heart cavities, and abnormal motion of the interventricular septum. In a smaller number of patients investigated by means of Doppler ultrasound, a significant tricuspid incompetence was evident with still higher frequency (83%). The development of more sensitive investigational methods has led to the realization that cardiac lesions are probably TABLE 3 present more often in patients with malignant carcinoid tumors than previously believed. [1] [2] [3] [4] [5] [6] Malignant midgut (jejunum, ileum and proximal colon) carcinoid tumors release vasoactive substances such as serotonin, histamine, bradykinin, kallikrein, prostaglandins, and tachykinins.30-34 Some of these have been suggested as possible etiologic agents for the carcinoid heart disease. This study of 68 well-characterized patients with malignant midgut carcinoid tumors reveals a significantly higher urinary 5-HIAA excretion in patients with severe carcinoid heart disease than in those without or with a lesser degree of right heart abnormalities. The mean plasma concentrations of NPK and SP were also found to be significantly higher in this group of patients. These results indicate that vasoactive substances like serotonin, NPK, and SP might be involved in the development of carcinoid cardiac lesions. Tachykinins such as SP and neurokinin A are known to stimulate fibroblast proliferation in vitro. 35 The increased fibrosis in patients with carcinoid heart disease thus might be the result of continuous exposure of the right heart valves and endocardium to tachykinins. Patients with cardiac involvement also had more severe tumor disease with multiple liver metastases and a higher urinary excretion of 5-HIAA compared with those with a smaller total tumor mass. The duration of carcinoid symptoms did not seem to be related to the development of heart lesions, indicating that a long duration of disease in itself does not explain the frequency of cardiac involvement.
Carcinoid lesions localized to the left heart have been demonstrated in a small number of patients in the absence of a cardiac shunt or in the presence of a bronchial carcinoid.2 Aortic valve sclerosis is nonspecific and the frequency with which it is found in patients with carcinoid heart disease is almost that expected in healthy individuals of the same age. The fact that the frequency of left heart abnormalities found in our patients with carcinoid tumors was significantly lower The interquartile ranges are given in parentheses. in patients with severe fight-sided lesions combined with a lack of signs of cardiac shunting rather contradicts the suggestion that left heart lesions are related to carcinoid disease, although this possibility cannot be excluded in a minority of patients. The electrocardiographic changes in these patients were nonspecific and did not seem to be related to the presence of carcinoid heart disease.
In conclusion, right heart disease seems to present more often than previously reported in patients with malignant midgut carcinoid tumors. The severity of cardiac involvement does not seem to be related to the duration of carcinoid disease or to the extent of liver metastases. The correlation we observed between the degree of carcinoid heart disease and levels of circulating vasoactive substances suggests an etiologic relationship.
